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(54) Porous polyolenn mm laminate 

(57) A porous polyotefin film laminate tavoreWy 
employable as a separator film for a nonaqueous Ethlum 
Ion battery is composed of at least three poiyol#tn flms, 
In which at least oneporyoJefintimpref^aWyisapory' 
ethylene flm and at least two polyoiefin Rims preferably 
are polypropylene films. The poiyolefin films are com- 
bined to form a united film laminate having a pore vol- 
ume of 80-80%. a maximum pore size of 0.02-2 jun. a 
shutdown temperature lower than the melting point of 
the polyethylene film by 1-5°C. The porous poiyolefin 
fflm laminate can be prepared by heating the polypropyl- 
ene flm and fte polyethylene film independently, com- 
bining the films under pressure and heating, stretching 
twice the combined films at a relatively low temperature 
and then al a relatively high temperature, and fixing the 
stretched film. 
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Description 

FIELD QF THE INVENTION 

5 The present invention relates to a porous potyolefin film laminate having uniform micropores. In particular, the 
invention relates to a porous potyolefin f am laminate which is favorably employable as a battery separator to be Incor- 
porated into batteries such as a lithium-ton battery. 

BACKGROUND Op 7) j E INVENTTQN 

TO 

Porous potyolefin films are employed in various ftefds of art For Instance, a porous potyolefin f Km is employed as a 
battery separator in nonaqueous batteries such as a Irthium-ion battery (i.e., lithium cell), a separator in electrolytic con- 
densers, an insulator in electronic devices, an artificial lung diaphragm, a plasma partner, a respiratory ctmicaJ dcthrng, 
a filter for separating rracroorganisrns and virus from water, a separator for gaseous mixtures, or a filter of aJr-condi- 
13 tfoner. 

Heretofore, most of porous poiyoiefin films comprise a single ply porous film. The sin gle pry poro us fam te easily 

prepared, bat tenet satisfactory In te chara cter fa te s in certain fiefasT For instance, rt is now understood that a singly pry 
porous fim cannot satisfy the enhanced retirements for battery separators of non-aqueous batteries, especU% a ftrv 
iunvion battery 

sq In a battery such as a nonaqueous battery; a separator is placed to obviate production of short circuit between a 
positive electrode and a negative electroda As the nonaqueous battery, a ifhium battery (i.e., lithium-ion secondary 
cett) has been paid specific attention and stud ed widely. The lithium battery comprises a negative electrode of metallic 
Ifthium, an alloy of lithium and other metal, anorganic material such as carbon or graphite which is edsorbableof tithfum 
ion or ctorable of fthhim ion by intercalation, an eie<*roconductrve porymer doped wfth lithium ion, or the Ike; a positive 

ss electrode of a fluodnated graphfte represented by (CF J,* a metal oxide such as MnO*. V ? Q§. CuO, Ag200 4 or TiOg. 
a sulfide or a chloride: and a nonaqueous electrolyte solution comprising an electrolyte such as UPF 6 , UBF* LOO* or 
LiCFaSOs in an organic solvent such as ethylene carbonate, propylene carbonate, rbutyrotactone. acetonftrOe, 1.2- 
dimethoxyethane or tetrahydrofuran. 

ft is Known that Hhium is very reactive. Acoordi ngry, H an abnormal electric current flows In the Qthium battery due 

so to production of external short droit a erroneous connection, the temperature of the battery rapidly Increases and 
causes thermal damage of a device equipped with tie lithium battery. In order to obviate such tropes, a battery sep- 
arator (also caled simply "separator) is placed between the positive and negative electrodes. Examples of the known 
separators are as IbUows: ; 

98 1) Porous single pry (Le, , mono-ply) film of thermoplastic resin such as polyethylene or polypropylene, as disclosed 
in 08 1180066, USP 3,679.538, USP 4,190.707, USP 5.173,235. Japanese Patent Publications Na 46-40119, No. 
55-32531, and No. 59-37292, and Japanese Patent Provisional Publications Na 60-23954 and Na H2-75151; 

2) Porous f dm of a mixture of polyethylene polymers having different molecular weight or a mixture of polyethylene 
and polypropylene, as disclosed in EP-A-565938. and Japanese Patent Provisional Publications Na Hg-21559, 

40 Na H2-334309, and Na H5431306; 

3) Porous fim having a support of thermoplastic resin or non-woven fabric, as disclosed in EP-A-S361 70. and Jap- 
anese Patent Provisional Publications No. H3-245457 and No. H1 -253358; 

4) Laminated mufti-layer porous film composed of plural porous flms of different material, as disclosed in USP 
4,650,730, and Japanese Patent Provisional Publications No. 62-10857. Na 62-53813, No. 63406866. and Na 

45 H6-20671;and 

5) Larnjnatod muto-teyer porous film n^e by corr^Wng two porous fiVm via adhesive orby application of heat and 
pressure. 

The porous battery saparetortlm functions prln^V to separate one electrode from anofrer electrode far obviating 
so the production of short circuit between them under the condition that the electric voltage is kept at the predetermined 
level. The porous separator ftn also functions to terminate flow of ion between both electrodes by closing its pores 
when the inTtertenperature of the battery elevates beyond the r^eterrrfned safety tenperature level due to produc- 
tion of abnormal electric current go thai carious troubles owing to the abnormaOy elevated temperature such as occur- 
rence of fire can be prevented. The obviation of troubles caused by the abnormaOy elevated temperature Is a very 
55 important function tor the separator of batteries. The function of the porous separator fim to dose rts pores te generairy 
called ■pore dosing- or "shutdown (SO)". The shutdown (SD) is confirmed by a gas permeability (whfrfi b also referred 
to as *gas permeation rateO of ttie tested porous film to reach 6,000 in terms of Gurtey Number (defined in ASTW r> 
726). 
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A battery separator film for Ethium battery should have an appropriate shutdown temperature range such as the 
range of 1 10 to 160 # C, preferably 120 to 150°C. If the shutdown temperature Is too low. 

a minor temperature Increase takes place. A battery showing such behavior is not practically acceptable. If the shut- 
down temperature is too high, the lithium battery may cause fire or other serious troubles, 

6 The separator film for lithium battery farther is ought to have a thermal durability to mai rrtain me shutdown condition 
tptoa certain temperature. In more detail, even if the separator closes Hs pores to shut down the electric current, the 
temperature may further elevate to a certain extent after the shutdown takes place. If the separator film has insufficient 
thermal durability against such heat deration, the fOm may be easily melted end broken down in part when the Inner 
temperature Of the battery further elevates beyond the shutitown temperature 

io flow again starts and addftional temperature elevation cannot be prevented. Accordingly, the separator shoUd have 
enough thermal durability to keep the shutdown condition up to a temperature as high as possible 

A battery separator film should further have low electric resistance, high mechanical strength such as high elastic 
recovery, fittte variation of fim thickness, and little variation of the electric resistance. In attrition to the above-mentioned 
appropriate shutdown characteristics. 

rs As battery separator films, there have been proposed a great number of materials, as described hereinbefore. 
However, according to studies Of the present inventors, more hrprovementfe required. In more detail, the single ply 
porous polypropylene ftm has a shutdown temperature of 17D*C or higher, whWfe'disadvantagebus^ 
melting point of Dmium. whOe the single ply porous polyethylene film has an appropriate shutdown temperature of 
approximately 1 35*C. However, the single ply porous polyethylene film has poor thermal durability such as a low molting 

so temperature of approximately 145*C. Moreover, the Single ply porous polyethylene film has poor elastic recovery to 
result to excessive stretching of the fim In hs Incorporation into abattery. Therefore, Its proAK^vity^ workabiTrty are 
low. Thus, the tingle ply porous «ms of thermoplastic resins require improvement particularly in their safety reliability. 

The known single ply porous film of a mixture Of polyethylene polymers having different molecular weight has a 
thermal durability up to approximately 150*C and an elastic recovery of approximately 3,400 Kg/cm 2 , which are onty 

2s slightly Improved, as compared with the above-menfioned single ply porous polyethylene film. The known singte ply 
porous film of a mbtture of polyethylene and polypropylene having a se 

approximately 160*C and an clastic recovery of approximately 4,200 to 6,400 kg/cm 2 , which are further improved in te 
eftjtdownandrittctar^ single ply porous polyethylene mix- 

ture fim. Neverfreless, the Improvement Is stin not satisfactory. Moreover, there is another dteadvantage In that the 
so porous film formed by stretching the film of the eea-tsland structure Is apt to vary in its product quality, and naproduci- 
bBftyfelow. 

The porous tarn on a support of non-woven fabric or the Oke which Is also known has & disadvantage h Us safety 
wHch fe caused by Hs support material. Ateo disadvantageous is that InsufHciem thermal durability k seen a$ is in the 
case using a singe piy porous polyethylene or polypropylene flnx I 
as The known laminated miitHayer porous fOm comprising a plural&y of porous films of different thermoplastic resin 
has be^i developed to solve the problems observed in the use of the singly p^ 

the steps of stretching independently plural f 1ms of different ftermoplas6c resins to form a porous structure in their bod- 
ies, combining the produced porous films together using an adhesive or under pressure. Theoretealy, thus produced 
mutthlayer porous film should have sufficient characteristics required for the use as a battery separator. However, ft Is 

40 not easy to produce in the actual production fne a porous laminated fHm having satisfactory characteristics. For 
i nstance. It is not easy to combine appropriately the porous films to each other under pressure or even using an adhe- 
sive. If the porous films are heated for firmly combining them under pressure, not a small portion of the pores are 
dosed. Further, the pores in one film sometimes does not well c om m uni cate with the pores in another film laminated 
thereon, and the expected continuous porous structure is scarcely formed. Thus prepared porous laminated fim&hav- 

45 ing poor continuous porous structure produce unfavorable Ngh electric resistance in the battery. Application of alow 
pressure, a small amount of an adhesive, or a low thermal energy to the laminated porous fa ms to obvtate the closure 
of pores ^ves a laminated f3m riaving poor r^ 

faminated porous film showing poor resistance to film separation are easily separated from each ofrier when the lami- 
nated film is introduced into a battery. Further deformation of the laminated film such as curfing, shrinkage, or etonga- 

so tion sometimes takes place in the procedure of introducing the laminated fHm into a battery. 

Japanese Patent Provisional Publication No. H6-55629 describes a pgrou* mutti-teyer film which Is prepared by 
combining a plurality of unstretched polymer f3ms having Afferent melting points after heating and then stretching the 
combined films to produce pores In the flms. 

Japanese Patent Provisional PuMcatfon Na H7-804110 describes a process for the preparation of a porous pofy- 

69 otefin lomrnate which comprises the tfep* of: combining « least three porytf efin f ims which comprise at least one pol- 
yethylene fim and at least one polypropylene film being placed in contact with the polyethylene film under pressure at 
a temperature of 120 to 140°C to form a united film structure; heating the united fflm structure to a temperature of 110 
to 1 40 C C; stretching the heated film structure et a temperaure of *20*C to *Q0 # C by 5 to 200%; stretching furflw the 



3 



'OSfOTJIllH (ft 111)564 IfcSUGHRUE MION ZINN MA 3Mfl^it>M8) 



R: 439 P. 08 



EPQ823740A1 

once stretched fitm structure at a tenperatureof 70 to 130*0 by 100 to 400%; and heating the last stretched fftn struc- 
ture a! a temperature higher than the last stretching temperature by 5 to 4S*C The porous polyolefin laminate obtained 
by this process comprises at least three united potyol ef in layers, at least one polyolefin layer being a polyethylene layer 
and at least one polyolefin layer being a polypropylene layer which is placed in contact with the polyethylene layer, said 

5 three united polyolefin layers being combined to form a united structure with a peel strength of at least 3 gh 5 mm, which 
has a pore volume in the range of 30 to 80%, a maximum pore size in the range of 0.02 to 2 jim, a Shutdown tempera- 
ture In the range of 135 to 140*C. and a durabifity to maintain the shutdown condition up to at least 1 80 ? C. 

SUMMARY OF THE INVENTION 

TO 

The present invention has an object to provide an improved porous polyolefin 13m laminate. 
Particularly, the invention has an object to provide en Improved porous polyolefin tarn laminate havtng relatively uni- 
form micropores, an appropriate shutdown temperature, e high thermal durability, a property to keep the shutdown con- 
dition tor a wid a temperature range, high resistance to film separation, and a high elastic recovery. 
79 Sjpecfffcally, the invention has an object to provide an improved porous por/otefinl3m laminate which is favorably 

enpkiyable as a battery^eparatotto be instated into nonaqueous batteries such as a fitWumJon battery = - : 

The present Invention resides In a porous potyoiefin fflm laminate comprising at least three poryolefin films* at least 
two of which are polyolefin films I and at least one of which a polyolefin film II having a melting point lower than those 
of the potyoiefin films I by at least 20°C, the potyoiefin fitm 1 1 being sandwiched with the polyolefin films I, said at least 
eo three poryolef in films being contained to form a united laminate which has a pore volume In the range of 30 to 80%, a 
maximum pore size in the range of 0.02 to 2 jim, and a shutdown temperature which Is lower than the melting point of 
the potyoiefin film II by 1 *5*C. The shutdown temperature was determined under the condrtion that both ends of the 
potyoiefin film along the longitudinal direction (MD: machine direction) are restrained to keep the predetermined fflm 
lenglh from variation, 

SB In the porous poiyolefin flm laminate of the present Invention, the polyolefin firm I preferably are stretched poly* 
propylene films and the polyolefin film II preferabty is a stretched poryethyiene Mm. t 

in the porous potyoiefin film laminate of the invention, the shutdown can be attained by heat shrinkage of the poly- 
olefin fflm II. J 

In fre porous polyolefin film laminate of the Invention, the film laminate preferably shows 1 thermal durability to 
So maintain the shutdown condition up to at least 180'C, a peel strength of at least 3 tflS mm, and a gas permeability in 
the range of 150 to 1,500 in terrroofGfcrley Number. 
The porous polyolefin film tart 

healing a potyoiefin fflrn I to a temperature lower than fte melting point by 3&€5°C under the condrtion of essentially 
ss tension free; •< 

heating a polyolefin film II to a temperature lower titan &s melting point by 30^55'C under the oondition of essentially 
tension free, the polyolefin f Bm II having a melting point lower than the melting point of the polyolefin film I by at least 
20*C; 

combining at least three polyolefin films which comprise at least one heated potyoiefin film I and at least one heated 
40 polyolefin film II under pressure at a temperature between the melting point of the poiyolenn film II and a tempera- 
ture higher than the melting point of the potyoiefin fflm II by 10*C, to form a united flm laminate; 
stretching the united film laminate at a temperature of -20'C to +50*C by 5 to 200%; 
stretching further the once stretched fto 
and 

45 heating the last stretched fitm laminate txfbdng the stretched state, optional/ after shrinking the last stretched «m 
laminate up to 50%. 

BRIEF DESCRIPTION OF THE DRAWING? 

so Hgure shows a pore stzedistrfcuto and a pore site distribution 

of tite porous polyolefin flm laminate of Comparison Example 1. 

DETAtlEP DESCRIPTION Of THE INVENTION 

6 The present invention resides In an i mprove me nt of a porous polyolefin fflm laminate comprising plural potyoiefin 
films* The porous structure of the porous potyoiefin film laminate of the invention can be formed by stretrfilng a united 
potyoiefin films under specific conditions. In the united potyoiefin films of the muftSayer hTm of the invention, at least one 
potyoiefin fitm preferably te a polyethylene film or other polyolefin film having a relatively tow melting point (i.e.. polyolefin 
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film ll) and at least two polyolefin flm$ preferably are polypropylene films or other polyolefin films having a relatively 
Wgti rrieting point (i.e. pofyoltfn I). The polyethylene film te preferably arranged between the polypropylene films. The 
united potyoleftn lams emprise ftree or more (e.g„ four, five, and so on) porydeRn films. When two or more polypro- 
pylene films are incorporated Into the united structure, each polypropylene film can have different moteaiar weight and 
5 different characteristics. When two or more polyethylene fOms are incorporated into the united structure, each polyeth- 
ylene film also can have different molecular weight and different characteristics. 

The polypropylene which forms the polypropylene film preferably has a high stereo regularity. The polyethylene 
preferably is a NgrvdensHy pdyethytene, but an intermediate density polyethylene also can be employed. The polypro- 
pylene art polyethylene preferably are homopdymere, but copolymers can be employable. The polypropylene and pol- 
io yethylene can corrtaH surfactants, antioxidants, plaster* flame retardants. colorants, and ofrer addrtives. However, 
the polypropylene and polyethylene preferably contain no filers. 

The polyolefin Km I can be a poM4-metnylpemene-1) or a poly(3-methyl-butene-1), and the polyoteRn film ll can 
be a potybutene fUm or an ethylene-propylene copolymer film 

The united poryoleRn ttms can be prepared fcvorably by once heating the polyolefin tarn I and polyolefin film ll sep- 
15 aratgy and then combining thus heat treated three or more polyolefin films by heating them under pressure. The poly- 

olefin flm can be preferably prepared by melt extrusion using aTafi* M Wtatopjnejhgg and a_wet extrusion method 

also are errptoyaWe, 

Each pdyoldin film can be prepared by a melt extrusion method using aT-cfie at a temperature higher tarn the 
melting temperatire of the enpteyedp preferably 200 to 500. 

so The haul-off speed generaBy ranges from 1 0 to 60 m/min., but this range te not 6rrftatrve.~ 

The polyolefin films prepared in the abovo-menfioned manner are heated before thff Ams are corr*ined to give a 

polyolefin f flm laminate. , 

The heat treatment of the poiyotefn film should be performed under the oondrtton of essentially tension frea IrsUb- 
stertial tension is appOed to the polyoiennf^ elajtfc recovery can- 

not be Inpailed to the heated film artf 
characteristics. Therefore, rt is prefer^ 
roll te per se subjected to foe heat treatment 
The heat treatmertd the polyolefin flm I 
matting poW by 35«'C, wtille the heat treats 
so Ing point of the polyolefin film I by at least 20'C, eg, polyethylene film) should be made at a temperature lower than as 
melting point ty30-55*C. * ' _ 

. fthas been confirmed thai the characteristics d the res^ 

pore volume (or porosity), resistance to separation of the poiydefin films, end mechanical strength, are greatly Wlu- 
enced by birefringence and elastic reawery of the fams to be combined er^ etretehed. The heaMreated pdypro- 

ss pyierte film (or other polyolefin film I) preferably has a blrerfringefice of 15 x 10 s to 21 x 10" 3 (more preferably 17 x 1CT 3 
to 20 x 10" 3 ) and prefertWy shows an elastic recovery of 80 to 94% (mora preferably 84 to 92%) al 100% eton^ion of 
the film. The heat-treated polyethylene film (or other polyolefin flm II) preferably has a birefringence of 30 x 10 to 48 
x 10* (more preferably 36 x 10* to 45 x 1 0~*) and preferably shows an elastic recovery of 50 to 60% (more preferably 
eo to 75%) at 50% elongation of the fHm. 

40 ThebiretrTOenceofthepolyolennf^ 

a Berek compensator. The elastic recovery te obtained by the following formula (1) or (2). Formula (1) is tor a polypro- 
pylene film or other high melting point polyolefin f 9m L and formula (2) Is for a polyethylene fUm or other low melting point 
polyolefin film II. 

tn the determination of the elastic recovery, e strip oM0mmx60mmofa polypropylene film is heat-treated at 
46 150*C lor eomin., and mounted to a terete etrengm tester at 25^ 

of 50 nwnWo, to give 100% elongation, and Just after the 100% elongation relaxing the elongated strip at the same 
rate. As for the polyethylene f0m,astripof15mmx50mm(2 Inches) with no heaHreatment is mounted to a tensle 
strength tester at 25*0, 65%RH, for elongating (or drawing) the strip at a drawing rate of 50 mrrVmin., to give 50% elon- 
gation. Keeping the 50% elongated film for 1 minute, and subsequently relaxing the elongated strip at the same rate. 
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Be5tforeocvery(%)-Ku^ Formula (1) 

relaxed fOm after 100% etongattonfl/fleogth of fUm before elongation] 

BastiC recovery^ Formula (2) 

elonggtion)H(length of 50% stretched film) - (length of film before elongation] 

Each of the polypropylene «m and polyethylene film preferably has a thickness In the range of 3 to 20 |im. more 
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preferably 6 to 15 urn. An appropriate thickness can be chosen from the viewpoints of the desired thickness of the 
porous poryolefm film laminate obtained by the stretching procedure and the desired use of tie porous turn. 

The polypropylene film's) and polyethylene film(s) can be preferably united by pressing laminated films with heat- 
ing. It is preferred that the laminated f 1ms comprise two polypropylene films and one intervening polyethylene film. The 
5 resulting porous polyolefm film laminate of the two polypropylene films and one Intervening polyethylene fOm favorably 
shows little curling, high resistance to external damage, high thermal durability, and high mechanical strength. Accord- 
ingly, the porous polyolofin film laminate of the two polypropylene filme and one intervening polyethylene film is advan- 
tageously employable as a battery separator which requires specific characteristics such as high safety and high 
refiabSty. 

io For arrptifying the description of the process for preparing the porous polyolefm flm laminate Of the invention, the 
following description Is mainly addressed to the preferred three flm structure of polypropylene fOm - polyethylene film - 
polypropylene film. 

The heated (that Is, heat-treated) polypropylene fOms and the heated (that is, heat-treated) polyethylene film are 
wound Out from respective raw film feed rols and are passed together through a pair of heated nip rolls under pressure 

i s to give a united fOm. The application of pressure under heating Is adopted for combining the polypropylene and polyeth- 
_ytene films to give a united film structure with iKfle lowering ofbirefringenoe and ela stic recovery. The nip r ote are pref- 
erably heated to 120-140'C. The tern^eraiure of the nip rolls means a temperature for heating the passing fims. In other 
word, the step of combining the polymer films is preferably performed at a temperature between the mefting tempera- 
ture of the polymer film II and a temperature of higher than the melting point by 10'C, preferably by 5*G. K the healing 

so temperature is too low, the polypropylene films (or the polymer films I) In the united flm are easily separated when the 
united film is subjected to the following stretching procedure. If the heating temperature is too high, the polyethylene flm 
melts to decrease the birefringence and elastic recovery. Therefore, the resulting porous potyotefri flm laminate may 
not have the desired characteristics. The pressure applied by the nip rolls preferably is in the range of 1 to 8 kg/cm 2 
(linear pressure), and the wind-out speed preferably is in the range erf 0.5 to 8 nVmin. 

£5 The united film produced by the application of heat and pressure to the polypropylene - polyethylene - polypropyl- 
ene films preferably has a rosis^^ 
of 3 to 60 #15 mm, end a thickness of 15 to 60 iuu 

The united film laminate can be heat-treated prior to stretching. The heat treatment can be done at a constant 
length or under application of 3 to 1 0% tension using an oven with circulating heated air or a heat roll, generally at a 

90 temperature of 1 10 to 140*C, preferably at a temperature oM 15 to 130°C. The heat treatment can be conducted tor 3 
secto3mirt 4 

The fetoettt d ug procedure Is conducted twice, ftat te. a first low temperature stretching and a second high temper- 
eture stretching. Only a single stretching procedure can give unsatisfactory porous structure or poor resistance to f3m 
separation. 

35 The low temperature stretching Is performed utilizing difference of circumferential velocity between a series of draft 
roBs, 

The low temperature stretching Is performed preferably at -20 f C to +50*C. more preferably 20 to 3S 1 C. If the tem- 
perature is too low, the film under stretching may be broken, and if the temperature Is too high, enough pore volume 
may not be obtained. The draw ratio for the low temp erature stretching preferably Is in the range of 5 to 200%, more 
40 preferably in the range of 10 to 100%. If the draft ratio is too low f the desired pore volume may not be obtained. If the 
draft ratio Is too high, the desired pore volume as well as the desired pore size may not be obtained. 

The draft ratio of the tow temperature stretching (E 1 ) is defined in the following formula (3) where! n Li means the 
length of the film after the low temperature stretching and Lq means the length of the flm before (he low temperature 
stretching. 

49 

E t ■ [(L 1 - L 0 )/L 0 ) x 100 Fbrmula (3) 

The f9ni having been subjected to the low temperature stretching is subsequently Gtretchad at a high temperature. 
The high temperature stretching b generally conducted in an oven with circulating heated air utiGzing difference of dr- 
so cumferential velocity between a sen es of draft rolls. There is no specific limitation with respect to numbers of the draft 
roHc for the use In tha high temperature stretching. Generally. 7 to 1 4 sets of the draft roGs are employed. 

The high temperature stretching Is performed preferably at 70*C to 130°C. more preferably 100 to 128°C. If the 
stretching temperature Is outside the above range, enough pore volume may not be obtained. The high temperature 
stretching Is preferably conducted at a temperature higher than the that of the low temperature stretching by 40 to 
£3 100*0. The draw ratio preferably is in the range of 100 to 400%. If the draft ratio is too low, the gas permeabfflty rate of 
the resulting film may become too low. If the draft ratio is too high, the gas permeability rate may become too high. 
Accordingly, the above-mentioned range is preferred. 

The draft ratio of the high temperature stretching (Eg) is defined in the following formula (4) wherein I* means the 
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leigth of the film after the high tempemtue stretching and L, means the length of the film after the tew temperature 
stretching. 

E 2 = [(L 2 - L,yi y ] x 100 Formula (4) 

e 

The film having been subjected to the low temperature stretching and the subsequent high temperature stretching 
then can be heat-treated at a temperature higher than the temperature of the high temperature stretching by 0 to 45°C, 

7heheaMreaimem<^beM 
10 to 50%, so as to prevent the shrintage caused by the residua) stress fci the stretched fHm or by thermosetting which 
10 comprises heating the stretched film under defining the heated f 9m to keep the flm length constant The heat-treatment 
is conducted to give the desired porous polyoiefin film laminate having a high dimensional stability in addition to the 
desired resistance to the fUm separation. 

The porous polyoiefin fflm laminate of the Invention can have a pore volume In the range of 80 to 80%, preferably 
35 to 60%, and a maximum pore size of 0.02 to 2 Jim, preferably 0.08 to 0-5 Jim. The pore volume and maximum pore 
15 size may be influenced by the selection of the conditions of the preparing process, tf the pore volume is too small, the 

. obtained film is not appropriate for the use as a batteryxeparator. Jf .the pore.vdume js.too (arge^.the^^J^ppor 

mechanical strength. If the maximum pore sue Is too small. ^ 

separator or a condenser separator because enough ionic movement is not accomplished Such small pore size is still 
not appropriate for the use as a filter in cfirical treatment water puffier, air conditioning, etc. , because filtration preccuro 
so becomes too high. H the maximum pore si*e fe too large, excessively large tonic movement takes place h the use as a 
battery separator or a condenser separator. In the use as a filter in a water-treatment apparatus, the expected enough 
removal of mteroorgaritems or virus canrxjt be attained. The por^ 
the use as a fHter for purifying blood plasma In the cfinical treatment 

The porous polyoiefin ram laminate of the invention preferably has a gas permeability In the range cM 50 to 1,500 
25 (more preferably 800 to 800) in terms of Guriey Number. In the use as a battery separator, too low gas permeability 
results in undesirable tow ion flow. Too high gas permeabffity results in excessively large on flow, which may cause 
extremely high temperature increase when troubles happen rn the battery. 

The porous pofyolefin film laminate of the Invention preferably has a united structure with a peel strength of at least 
3 g/15 mm. generally 3 to 60 g/15 mm If the peel strength is too the constitutional f^ 
so laminate may ped off, tor ir«^ 

sivery tow peel strength may cause large curling tendency and undesirable flm stretching. 

-rtn appropriate thickness of the porous polyoiefin film laminate of the invention can be determined depending upon 
the desired use of the film. Therefore, thereto no speeffte limitation with ^ 
film laminated the inv^^ 
35 the viewpoints of mechanical strength, pertormance, and reqMirement to minimize the battery. 
The Irtventkm is further descrto^ 

Example 1 

40 Polypropylene (number average molecular weight 70,000. weight average molecular weight 480.000. melt index: 
3, Ube Polypro F103EA, available from Ube Industries Ltd) was melt-extruded at 200*C using aT<fie (discharge width; 
1.000 mm. discharge lip opening: 4 mm). The discharged film was sent to a coding roll kept at 90*C and cooled by 
applying a cooled air (25*6). The cooled film was then collected around a core roll at a rate of 40 m/rnin and a draft 
ratio of 866. The core roll was made of paper and had a cfcimeter of 3 Inches. The polypropylene film collected around 

43 the core rolhada length of 8,500 m. The polypropylene flm had a thickness of 1 1.5 fun, a birefringence of 174) x 10' 
8 , and an elastic recovery of 753% at 1 00% elongation of the flm 

The polypropylene film collected around the core roll was heated to 1 20* C for 24 hours in an air-cteulating oven 
(PS-222, available from Tabai Seisakusho Co., ltd.) and then taken out of tie oven tor cooling to room temperature. 
Thus heated pdypropyfenefilm had a tfretringerice of 20.1 x10 4 . arid 

90 of the film. 

Irtoependentfy, high density polyethylene (density: 0.966 gfcm 2 , melt Mar. 5.5, Hhex 2208J, available from Mftstii 
Petrochemicaf Co., Ltd.) was melt-extruded at 173 # C using a T-die (discharge width; 1 .000 mm, discharge lip opening: 
2 mm). The discharged flm was sent to a coding rol kept to 1 16*C and cooled by applying a cooled air (25*C). The 
cooled flm was then collected around a core roll at a rate of 20 m/rrin. and a draft ratio of 250. The core roD was made 
& of paper and had a diameter of 3 inches. The polyethylene fHm coBected around the core roll had a length of 8.500 m. 
The polyethylene film had a thickness of 8 urn. a birefringence of 36.0 x 10*. and an elastic recovery of 42j0% at 50% 
elongation of the film. 

Therxrfyethylenefta 
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222, available from Tabai Seisakusho Ca, Ltd.) and then taken out of the oven for cooling to room temperature. Thus 
heated polyethylene film had a birefringence of 40.5 x 10*, and an elastic recovery of 72.5% at 50% elongation of tie 
film. 

A laminated three film composed of two polypropylene films and one intervening polyethylene fflm was prepared in 
5 the following manner using the heat-treated polypropylene film and polyethylene film. 

Two sheets of the heat-treated polypropylene films and one sheet of the heat-treated polyethylene film were wound 
out item respective feed roll stands at a rate of 4.0 nrtnm. The heat-treated flms were passed through heating rols to 
combine the films at 1 S4*C and 1 & kg/cm (linear pressure), and then collected by a cooling roll (cooled to 50°C) at me 
aame rate. The tensions applied for wincing out the heat-treated films were 3 Kg for the polypropylene films and 0.9 kg 
10 for the polyethylene fOm. The resulting film lanwate had a thickness of 31 *un. 

The tarn laminate was then stretched to grve 20% stretching by means of a Set of nip rolls {kept at 35*C. distance 
between these rip rolls: 350 mm, feeding rate: 1 .6 m/mJn.). The film was subsequently sent into an oven with circulating 
heated air (heated to 1 26*0) for stretching th e heated fimtogive total 1 80% stretching utilizing difference of circumfer- 
ential rate of the employed rolls. The twice stretched flm was then heated on a rod to 126 9 C for 25 seconds to attain 
f 5 86% relaxafion. In this manner, a continuous porous polyoiefin fflm laminate was obtained. 

The obtained porous polyoiefin fflm laminate was measured In its thickness, pore volume, maximum pore size, pore 



specific surface, gas permeability, terete strength, tensile modulus, shutdown (SO) temperature; thermal durability, 
peeGng strength, and shrinkage ratio. The results are set forth in Table t . The porous pdyolefin film laminate had almost 
no curing end no pinholes. 

29 The pore size distrfmtion of the resulting porous pdyolefin fOm laminate is ilustmted hn the attached Figure by a 
dotted line, wherein the axis of ordinate* is for logarithm^ pore distribution function [dV(log r)] (%), and the axis of 
abscissas is for pore diameter Otm). 

The pore volume, maximum pore size and pore specific surface were measured by a mercury porosimeter (availa- 
ble from Vuasa Ionic Co., Ltd.), and the gas permeability (in terms of Gurtey number] was determined by the method of 
25 J1S P81 17 (corresponding to ASTM D-726). The tensfle strength and tensfle modulus were measured by the method of 
ASTMD-822L The peel strength was d 

on the fcrterfece at which the peel strength was to be determined and drawing under TpeeCng the strip of 75 mm at a 
rated 500 mm/tain. 

The shutdown behavior, shutdown temperature (shutdown starting temperatre), and thermal cfcrebfttywere deter- 

30 mined by the steps of heating the fim spedmen wholly foced to a holder of 60 mm diameter inside an oven wfth ccrcu- 
lating air heated to the preset temperature for one minute. taMng out the heated ffl^ 

fixed condition to room temperature, and measuring the gas perme^ifity (defined in Jl$ P81 17 corresponding to ASTM 
D-822). 

The thermal shrinkage ratio was measured by heating a sample tarn (250 mm x 250 mm) to 105°C for 8 hours in 
35 an air-circulating even and cooling the heated sample to room temperature The heat shrinkage ratio (%) was deter- 
mined by the length of the sample before the heat treatment (1^) and the length of the sample after the heat treatment 
(LJ according to the following equation. 

Heat shrinkage ratio (%) =(L 3 - L 4 )/L 3 xl00 

40 

Example 2 

The procedures of Example 1 were repeated except that 136'C was adopted for confining the heat-treated poly- 
propylene and poiydefin films in place of 134*C to give the film laminate. Thus, a continuous porous pdyolefin flm lam- 
46 inate compricing two polypropylene films between which one polyethylene film was intervened. 

The porous potyolefin tUm laminate was subjected to various measurements in the came manner as In Exnmple 1. 
The results of measurement* are Set forfr in Table 1. The porous potyoleTm fim laminate had almost no curing and no 



so Conrorfepn Example 1 

The procedures of Example 1 were repeated to collect each of polypropylene film and polyethylene film around the 
core mfl. These tims were then subjected to the befoawnentfoned procedures with no heat treatment which was 
adopted in Example 1. 

« Two sheets of the polypropylene fims and one sheet of the polyethylene f2m were wound out from respecfive feed 
rol stands at a rate of 4.0 m/mia The films were passed frwough heating roils to corrfaine foe films at 134'C and 
kgfem (Kn ear pressure), and then collected by a coding roll (cooled to 50*0) at the same rate. The tensions applied for 
wintfng out the fihns were 3 kg tor the polypropylene films and 0 
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nate was composed of two polypropylene films end one polyethylene film intervening between the polypropylene iBms. 

The film laminate was unwound to pass through an air-rirwlating oven (heated to 125«C, retention time: 113 sec.) 
under the tension to extend the f im by 5%. 

A portion of thus heat treated fflm laminate was cut off , and each film layer was peeled off to determine a birefrin- 
s gence and an elastic recovery of each of the polypropylene fitm and polyethylene film. The results are as follows: 

Polypropylene film: 

birefringence: 22,5x10^ 
io elastic recovery: 90.4% (at 100% elongation) 

. Polyethylene fim: 

birefringence: 39.4 x 1 0" 3 
is elastic recovery: 52.5% (at 50% elongation) 

The film laminate was then stretched h the same manner a* those of Example 1 to give a continuous porous poty- 
otefinfBm laminate. ■ 

The porous pdyoiefin torn laminate was subjected to various measurements m the same manner as In Example 1 . 
so The results of measurements are set forth In Table 1 . The porous polyolefin film laminate had almost no curling and no 
pinholes. The pore size distribution of the resuttbg porous polyolefin fim laminate is Illustrated m the attached Rgure 
by a solid line. 

Example 3 

The procedures of Example 1 were repeated except thai trie collected poly^^ 
ptece of 120*C) and the collected polyethylene fim was heated to 1Q0«C On place of 95*C). 

The heat-treated polypropylene film had a birefringence of 20.8 x 10" 3 and an elastic recovery of 91.3% (at 100% 
elongation), while the heat-treated polyethylene fflm had a birefringence of 40.3 x 1 0" 3 and an elastic recovery of 74.1% 
so (at 50% elongation) 

The heat-treated polypropylene fflm and polyethylene film were combine and stretched In the same manner as in 
Example 1. Thus, a continuous porous polyolefin fflm laminate comprising two polypropylene films between which one 
polyethylene film was intervened. 

The porous polyolefin fflm laminate was subjected to various measurements In t^sarro 
9$ The results of measurements are set torth In Table i . The porous polyolefin tarn laminate had almost no curling and no 
ptnnoies. 

cojTBajfcpn, forarrpte a 

40 The procedures of Exanplelwen3 rep 

heat-treated polypropylene and polyolefin films to give the film laminate. Thus, a continuous porous polyolefin film lam- 
inate comprising two polypropylene films between which one polyethylene f*n was intervened. 

The porous polyolefin film laminate was subjected to various measurements In the same manner as in Example 1 . 
The results of measurements are set forth in Table 1, 

45 

Comparison Example 3 

The procedures of Example 1 were repeated except that the collected polypropylene «m was heated to 95°C (in 
place of 120*C) and the collected polyethylene fim was heated to 75°C (in place of 95°C). 
90 Theheat*eatedpclyproprt^ 

elongation), while the heat-treated polyethylene film had a birefringence of 38. 1 x 1 0* and an elastic recovery of 48.0% 
(at 50% elongation) 

TheheaMreated porypropylene film and poVetryl 
Example 1 . Thus, a continuous porous polyolef n film laminate comp rising two polypropylene films between which one 
65 polyethylene fHm was intervened. 

The porous poryuiefin film laminate was Bisected to various measurements in the same manner as in Example 1 . 
The results of measurements are set forth In TfcWe 1 . 



9 
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Example 


Comparison Example 
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1 
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Film thicknessQim) 




25 


26 


25 


25 


25 


25 


Pore volume (%) 




43.4 


43.8 


44.1 


44.3 


43.1 


43.3 


Max. pore sizeftun) 




.1224 


.1251 


.1253 


.1240 


.1260 


.1270 


Pore specie surface area (mfyg) 


63 


60 


60 


54 


52 


52 


Gas permeability (sec/1 OOcc) 


520 


560 


550 


.490 


BOO 


1500 


TensQe strength (kg/cm 2 ) 


MD 


1300 


1300 


1300 


1300 


1300 


1300 




7D 


125 


120 


130 


120 


120 


120 


^SDlSTperatur^ T CO 




130 


130 


130 


135 


130 


135 


Thermal etaWityfQ) 




190 


190 


190 


190 


190 


190 


Peel strength (g/l5mm) 


24 


28 


20 


18 


10 


20 


HeatShrinkage(%) 




11 * 


12 


12 


22 


18 


25 



Each of the porous polyolefin film laminate of the invention (Examples 1 to 3) shews a SD temperature of 130°C 
25 which is tower than the melting point of the melting point of the employed polyethylene Am (1S5«C). This means that 
the porous pdyotefinfam laminates the invention gi^ 
ylene film but Hb heat shrinkage. 

Claims 

so 

1. A process tor preparing a porous polyolefin film laminate which comprises the steps of: 

heating apolyoJefinfflm I to a terrperature kwer than Its matting point by under the condition of essen- 

tially tension free; 

heating a polyolefin film U to a terrperature tower than its melting point by 30-55°C under the condition of 
essentially tension tree, the polyolefin film II having a melting point lower than the melting point of the pdyotefin 
film I by at least 20 # C; 

combining at least three polyolefin rams which comprise at least one heated polyolefin film I and at least one 
heated polyolefin film II under pressure at a temperature between the melting point of the polyolefin film II and 
40 a temperature higher than the melting point of the polyolefin film 1 1 by 1 0*C. to form a united film laminate; 

stretching the untted film laminate at a temperature of -20*C to 450*0 by 6 to 200%; 
stretching further the once stretched film laminate at a temperature ol 70 to 13TTC by 100 to 400%; 
and 

heating the last stretched film laminate for fixing the stretched state, optionally after $hrin long the last stretched 
45 film laminate up to 50%. 

I 

2. The process of daim 1 , wherein the polyolefin film lis a polypropylene f flm and the polyolefin fflmlllsa polyethylene 
film. 

60 3. The process of claim 1, wherein the steps of heating the potyoleftn films I and « are performed under the condition 
that each polyolefin film is roOedi^x 

4. The process of claim 1, wherein the step of c om b in in g at least three poryolefin fUms is performed under the condi- 
tion that the polyolefin fOm I is arranged on both surface sides. 

SB 

5. The process of daim 1, wherein the step of containing a! least three poryolefm fUms Is performed under the cona- 
tion thai one polyolef in «m II is sandwiched between two pcfyolefln f ilms I 
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6, The process of claim 1, wherein the heated polyolefin film I has a birefringence of 15 x 10" 3 to 21 x 10* 3 and shows 
an elastic recovery of 80 to 94% at 100% elongation of the f am, whDe the heated polyolefin film II has a birefrin- 
gence of 30 x10* to 48 x10" 3 and shows an elastic reoovery of 50 to 80% at 50% elongation of the film. 

$ 7. A porous polyolefin frlm laminate comprising at least three polyolefin films, at least two of which are polyolefin films 
I and at least one of which a polyolefin fSm II having a melting point lower than those of the polyolefin films I by at 
least 20 # C the polyolefin film It being sandwiched with the polyolefin films I, said at least three polyolefin fBms being 
combined to term a united laminate which has a pore volume in the range of 30 to 80% a m 
the range of 0.02 to 2 ^ and a shutdown temperature which is lower than the melting point of the potyo/eHn film 

to Iiby1-5 # C. 

a The porous polyolefin film laminate ofdalm 7, wherein the polydefri films I m 
the polyolefin fOm II is a stretched polyethylene turn. 

is a The porous polyolefin film lanwate ol claim 7, wherein the shutdown is attained by heat shrinkage of the polyolefin 
film II . . 

10. The porous polyolefin film laminate of dalm 7, wherein the film laminate shows a thermal durability to maintain the 
shutdown condition up to at least 160*C. 

BO 

11. The porous polyolefinfttm laminate of claim 7. wherein the film laminate shows a peel strength of at least a g/15 
mm. 

12. The porous polyolefin tUm laminate of claim 7. which has a gas permeability in the range of 150 to 1 .500 in terms 
£5 of Gurtey Number. 

13. A separator tarn to separate a positive electrode from a negative electrode in a nonaqueous lithium ion battery, 
which comprises the porous polyolefin film laminate of claim 7. 
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